Abstract-Erosion
I. INTRODUCTION
The Red River system is the second largest river in Vietnam, after the Mekong river system. It is located from in Laos. Administratively, the Red River basin covers 26 provinces and cities in the Northen region of Vietnam, with three major tributaries of Da river, Lo river, and Thao river (Fig.1) . The Red River basin spreads across three regions: mountainous, midland and lowland. The basins are divided into seven irrigation areas based on shape of river and terrain feature [5] .
A. The terrain and geomorphology of the Red River
The Red River basin shows complex topography having more than 90% of the hilly area, 70% of the area with elevation over 500m a.s.l. and the average elevation of the basin is 1090m. The topography of the Red River basin is divided into four regions: The Western part consists of large and high mountains located in China; The Northeast is lowland, with the elevation of 600-700m; The Midlands consists of hills stacking bowls alternating with low valleys, having elevation of 150-200m a.s.l. The river delta shows relatively flat terrain, with an average slope of about 0.1m / km from Viet Tri to the sea, with the main slope being North West -South East.
B. Rainfall and runoff in the Red River basin
Rainfall in the Red river basin is characterized by two seasons including rainy season (May to October) and dry season (November to April). Annual rainfall varies from 1,200 to 4,800 mm/yr in Vietnam, 80% of rainfall occurring in rainy season (Fig. 2) .
Annual average of main flow characteristics in the Da river basin were calculated based on actual flow data of Hoa Binh station. The average discharge is 2,776 m 3 /s and the total flow in the catchment area is 55.6 billion m 3 . The annual flow tends to increase from upstream to middle and downstream. The average annual value in Ly Tien Do is 25.2 l/s.km 2 , Lai Chau is 33.1 l/s.km 2 and it increase a little moving to Hoa Binh. 
C. The Red River sediment regime
Red River sediment is mainly supplied by Da river and Thao river. Approximately 72 Mt/yr of sediment is transported through Hoa Binh, that is equal to 57% of the Red River sediment load through Son Tay. The Thao river sediment is approximately 45 Mt/yr, accounting for 35% of the Red River sludge. The sediment load of Lo River is only 9.8 Mt/yr, accounting for about 7.7% of Red River sedimentation. The low amountof sediment load in Lo river might be explained by the type of soil that is composed by many limestone, and granite tutext on the surface.
The difference between the maximum and minimum turbidity during the year of observation is very large. Red River sediment regime strongly depends on the flood regime with about 80% of sediment yield occurring during the flood season. Annual sediment concentration measured in the Red River ranges from 100 g/m 3 to 500 g/m ( Fig. 1) . According to our estimation, the amount of sediment transported by Red River to the sea is about 120 Mt/yr.
Dam construction is one of the causes of reduced sedimentation [42] .
Land cover plays an important role in hydrological response and in sediment detachment and transport [30] ; [31] .
Assessing the effect of land use change (deforestation/afforestation) on soil losses is crucial for understanding river sediment load. In general, crops cultivation can cause an increase in erosion and sediment transpost, whereas, the forest has usually the effect of protecting soil from water erosion by decreasing the impact of rainfall on soil and the overland flow generation [32] , [33] , [34] [43] . The effect of land use change and land use pattern on hydrological response and sediment load has been analysed by many authors (es. [40] , [38] , [35] , [17] , [2] ).
METHODOLOGY

A. Routing Dimoshong Rusle model
The Universal Soil Loss Equation (USLE) was proposed in 1978 by Wishmeier and Smith [44] , and its revised version was developed by Renard et al. [29] and it is used to predict average erosion in watershed. It consists of 6 parameters: R the rainfallrunoff (erosivity) factor, K the soil (erodibility) factor, L the slope length factor, S the slope gradient factor, C the crop and management factor and P the conservation support practice factor. The USLE/RUSLE model is often represented by the equation:
a) Rainfall-runoff erosivity factor (R): R factor was calculated based on the 30 minute rainfall. In case of only daily data are available, the Fournier method can be used [33] :
F =∑ P /P ; R = 4.17*F -152 (2) where: F is the Fournier index, Pi is the monthly rainfall index, Pyear is the annual rainfall index. Pagonos et al. [22] used global rainfall data to draw map global erosion.
For this study, R factor has been determined using the method of Loureiro và Coutinho [13] , Ranzi et al. [28] :
where: N is the number of observation years, rain10 is monthly rainfall, when ≥10 mm/day; days10 is monthly number of days with rainfall ≥10 mm.
This formula was also developed by López-Vicente et al. [14] , [15] successfully applied for rainfall 10 years in the basin of Pre-Pyrences, Spain. In addition, the authors conducted a comparison with the 30-minute rainfall data of the rainfall stations in the Red River basin such as Hoa Binh Air and Water Testing Station, Dong Cao experiment station, and Son Dong experiment station in the northeast.
b) Soil erodibility factor (K):
K facotr depends on the terrain, soil type and rainfall characteristics of the basin. The coefficient K was studied in the United States from 0.029 to 0.047 [44] . For Vietnam, Ranzi et al. [28] when calculating erosion for the Lo river basin assumed the average of K factor for the entire basin was 0.022, Vezina et al. [40] caculted K factor for some types of soils in the Ba Be reservoir.
In this study, K facotr is calculated by distributed model, depending on the soil type, soil texture, soil permeability, soil component ratio, and soil organic matter content in each zone field of study. K factor was determined by using the method in [39] and [33] : K = (k0*kt + ks + kp) / 759.4 (4) Where: k0, kt, ks and kp are subfactors depending on different soil characteristics, as texture, drainage capacity, structure, and organic matter content.
The soil erodibility organic matter subfactor [3] is: k0=12 -Om * 1 . 7
Om -percent inherent soil organic matter
The soil texture subfactor equation is given by [45] 
Psl -percent silt; Pvfs -percent very fine sand; Pclpercent clay.
The soil profile permeability subfactor kp=2.5 * (Pr -3)
Pr -soil profile permeability rating, can be determined follow Tao et al. [37] .
The soil structure subfactor ks=(2 -Ss) * 3.25 (10) Ss -soil structure class c) Slope length and slope gradient factor (LS): There are many different formulations of LS, including the formula [44] , [7] . In this study, the author adopted Moore & Burch's formula [18] , which has been successfully applied in the Italian basin by Pilotti & Bacchi [24] : ' ' 0896 . 0 sin .
where: As is the area of plot per unit width; m', n' are calibration coefficients; β is slope angle, computed from the DEM.
d) Cropping, vegation cover and management factor (C):
C factor is determined according to literature clasification of CORINE Land Cover for European country by Cebecauer et al. [6] . Refer to different authors computed for Vietnam as Cao [4] , Vezina et al. [40] , Phan et al. [26] based on the SWAT model for the Thai Nguyen area. Ranzi et al. [28] have selected the crop coefficient for Lo -Gam river. Also refer to some Chinese studies ( [47] , [48] ) for similar basins and close to Vietnam. e) Supporting practice factor (P): P factor is calculated basing on Panagos et al. [23] for European country and Cao [4] for basin in Vietnam.
Using
B. Sediment transport in river
Based on the Yang study [46] , the river sediment transport capacity was determined. Simultaneously based on sediment transport assumptions according to linear reservoir rules Ranzi et al. [28] , and has been successfully applied to the Mekong [36] : whrere: qs,i,k (tons/day)-the suspended sediment discharge at each basin gauging station; T-duration of each month;θk-mean travel time of basin, depending on the mainstream length and velocity of flow; Sk,i-accumulated monthly sediment production.
The monthly sediment yield after transport is:
RESUTLS AND DISCUSSION
A. Simulation result of the model
+Rainfall-runoff erosivity factor (R):
Based on rainfall data from 1961 to 2015 [10] of 46 stations on Red River, obtaining from IMHE of Vietnam and China data Center, we calculated R factor through formula (3) and the results are shown in Fig. 3a. +Soil erodibility factor (K):
Based on soil map available from Atlas Vietnam (1999) [1] for Vietnam territory, and soil map from SOIL-FAO database (1995) [8] for China territory, we determined K factor value according to formula (4) and it is shown in Fig. 3b . +Slope length and slope gradient factor (LS):
It was computed from DEM and equation (11) and it is reported in Fig. 3c. +Cropping, vegation cover and management factor (C):
They were caculated basing on land use 2000 and they are reported in Fig. 3d .
+Supporting practice factor (P):
It is based on the actual data arable crops and the topography of the region and it is shown in Fig. 3e. +Average annual erosion A (tons/ha/yr) by RUSLE model, is reported in Fig. 3f . (Table 1) . When the Hoa Binh reservoir was put into operation (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , the sediment deposited at the reservoir was in average 53 Mt/yr. The sedimentation rate of Hoa Binh was 90%. Thus, the average annual sediment load of the Red River in Son Tay decreased from 120 Mt/yr to 54 Mt/yr (55%). Since Hoa Binh reservoir has been put in operation, almost all the length of the Da river from Hoa Binh reservoir to Trung Ha (about 55 km) has been eroded, especially in the 20 km downstream branch of the dam. In this reach erosion depths are up to10m, average 3-5m, and the erosion process is gradually moving to the confluence with the Viet Tri river [21] , [19] .
Tuyen Quang reservoir was put into operation in 2005. In the following years there was a significant decrease in sediment in Chiem Hoa (73%). The combined impact of Tuyen Quang and Thac Ba hydropower projects resulted in a 67% reduction in sediment accumulation at the Vu Quang station from 11. 
C. Land use change affect on sediment load
In the Red River basin, the data on land use is asynchronous, we analysed 2 scenarios. (Fig. 4b) . This is explained by the impact of the transition from shrubs to plantations and forest.
Scenario 2:
In contrast, the 1983 land use map was not available in the Lo river basin. Based on the empirical data from Pham [25] , from the 2000 map (Fig. 5) , the authors assume random land use change from 35% of forest into 20% of shrubs and 15% of rice. The result increases the amount of sediment by 28% [28] .
The results of the change in mats trend are consistent with those of Khoi et al. [11] for the Be river basin and Phan et al. [26] for the Cau river basin, Lopez et al. [14] , [15] for the Amas River Basin, Spain. According to Nguyen et al. [20] , and Podwojewski et al. [27] plot experiment in Hoa Binh, the effect of cultivation tea and cassava on soil detachment is twice higher for runoff coefficient and ten times higher for soil loss than that of other plants. 
D. Discussion the results
The process of erosion and sediment transport is a complex process.The result of the model simulations for 8 stations and sediment flow measurement show NSE from 0.51 to 0.75, so meeting the technical requirements. However, the results of model simulations are usually smaller than monitoring data on the flood season. This can be explained by the fact that Red River Basin is a large basin, so frequent natural phenomena abnormalities such as flash floods, debris flows, landslides and erosion phenomenon that model has not taken into account can occur in the flood season as [9] .
Based on the calculation results of Hoa Binh and Thac Ba reservoirs, the sediment deposition rate is 90% and 95%, respectively, making the sand dunes at Son Tay Station reduced by 55%. After building the Tuyen Quang (Lo river) and Son La reservoirs (Song Da), trap coefficients become 73% and 92%, respectively. As a result, the sedimentation trap of the Da river cascade system decreased sharply by 98% and made the dredging coefficient in Son Tay very high (92%). The results obtained by this model are relatively consistent with Le et al. [12] calculations showing 75% sedimentation in Thac Ba and Hoa Binh reservoirs and Ranzi et al. [28] showing reservoir sedimentation at Thac Ba and Tuyen Quang reservoirs of 71% when put into operation.
This result confirms that the amount of sludge is greatly reduced under the effect of upstream reservoirs on the Red River. Particularly, a number of small reservoirs have been built on the tributaries and Lai Chau reservoir on the mainstream, and many of the Chinese reservoirs have been in operation, so the amount of sediment observed for four years (2010-2014) significantly reduced, especially in 2015.
IV. CONCLUSION
The Dimoshong Rusle distributed model was applied to the Red River basin for investigating erosion and sediment transport.
Three different scenarios have been analysed: 1) natural condition, i.e. without influence of the reservoirs, 2) after the building of Hoa Binh reservoir and Thac Ba reservoir, 3) after the buiding of the new reservoirs system. Before the reservoir building, the amount of sediment transported at Son Tay coming from the Da River was 51%, from the Thao River was 40%, and from the Lo River was 9%. However, after the reservoir, Song Da contributed 7%, Thao 65%, and Lo 28%.
From simulation results, it is possible to apply models to study the effects of other reservoirs being built in the Red River basin, as well as hydropower construction on the Chinese side. It is possible to expand the model of other factors affecting sediment transport such as the impact of future climate change and the impact of forest fires.
